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3. Adjust R111 the BIAS ADJ control for plus 5 volts at the 
collector of TR102 measured with respect to the negative 
battery terminal. 


DC CURRENT CALIBRATION 


1. Select the +DCC function and the 1mA range. Connect a 1.5 
volt battery, a know accurate DC milliameter, the FE27, a 500 
ohm resistor and a 1,000 ohm variable resistor in series. 

2. Adjust the variable resistor until the known accurate DC millia- 
meter reads 1mA. 


3. Adjust R113 the FE27 DCC CAL control until the FE27 indi- 
cates exactly 1mA full scale. 


DC VOLTAGE CALIBRATION 


1. Select the +DCV function and the 1V range, and connect the 
FE27 in parallel with a known accurate DC voltmeter set to 
measure 1 volt DC to the center tap of a 1,000 ohm potentio- 
meter connected across a 1.5 volt battery. 

2. Adjust the potentiometer for 1.0 volts DC as measured on the 
known accurage DC voltmeter. 

3. Adjust R109, the FE27 DCV CAL control so that the FE27 in- 
dicates exactly 1 volt full scale. 


AC RMS VOLTAGE CALIBRATION 


1. Select the ACV RMS function and the 1V range. Connect the 
FE27 in parallel with a known accurate RMS or average reading 
AC voltmeter to the center arm of a 1000 ohm potentiometer. 
Connect the potentiometer to the 6.3 volt winding of a filament 
transformer. 

2. Adjust the potentiometer until the known accurate AC voltmet- 
er indicates exactly 1 volt RMS. 

3. Adjust R110, the FE27 ACV RMS CAL control, so that the 
FE27 indicates exactly 1 volt full scale. 


AC P-P VOLTAGE CALIBRATION 


1. Select the ACV P-P function and the 1V range. Connect the 
FE27 in parallel with a known accurate P-P reading AC volt- 
meter to the center arm of a 1000 ohm potentiometer. Con- 
nect the potentiometer across the 6.3 volt winding of a filament 
transformer. 

2. Adjust the potentiometer until the known accurate AC volt- 
meter indicates exactly 1 volt P-P. 

3. Adjust R123, the FE27 ACV P-P CAL control, so that the FE27 
indicates exactly 1 volt full scale. 
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AC VOLTS 


Ranges: 0 to 0.3, 1, 3, 10, 30, 100, 300, 1000 rms volts full scale. 
0 to 0.3, 1, 3, 10, 30, 100, 300, 1000 p-p volts full scale. 
Input Resistance: 2.4 megohms shunted by 82pf. 
Accuracy: +3% of full scale true rms for sine or square waves @ 60 Hz. 
+3% of full scale p-p @ 60Hz. 


Frequency Response: 1DB @ 15Hz - 20KHz 
3DB @ 10Hz - 40KHz. 


OHMMETER 


Ranges: 0 to 1000 (RX1), 0 to 10,000 (RX10), 0 to 1M (RX1K), 
0 to 100M (RX100K), 0 to 1000M (RX1M), with 10 ohms 
center scale. 

Accuracy: +2 degrees of arc. 

Applied voltage: 1.5 volts from C cell. 


DC CURRENT 


Ranges: 0 to 10mA, 0 to 100mA, 0 to 1 amp 
Accuracy: +3% 
Internal voltage drop: 230mV 


GENERAL 

Meter: 414”’, 100uA, 2% 

Overload protection: Up to 1500 volts on any voltage range. 

Multiplier resistors: 12% deposited carbon type. 

Power supply: Two 9 volt transistor radio batteries. Eveready No. 222 

or equiv. 

Ohms battery: One C cell, Eveready No. 1035 or equiv. 

Meter light battery: One C cell, Eveready No. 1035 or equiv. 

Meter light bulb: No. 131, 1.4V 

Semiconductor complement: 1 -2N3957 dual N channel FET, 2- 
2N4248 PNP transistors, 4 - 1N456 
Diodes, 
2-1N4148 diodes, 6 - 1N34A diodes, 
4-1 amp 400 volt PIV rectifier, 1- 
LM3900 quad op amp. 


Weight: 414 lbs. (1.95kg) 
Height: 10 1/8” (25.7 cm) 
Width: 5 534” (14.6 cm) 


‘Depth: 3%” (8.9cm) 
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DC CURRENT 


SW3OIH 


SW3OIG 


Cl RiI3 
T = DCC CAL 


Fig. 18 DC current 


The negative input connection of the plus DC current function is 
through the COMMON input jack, and the fuse Fl to the FE27 
circuit ground. Also connected to the circuit ground are the current 
shunt resistors, and the negative terminal of the meter through R113 
and DCC CAL control. R113 is a calibration adjustment adjusted for 
correct fullscale reading. For the 100mA range, current flow through 
the FE27 is from the common input jack, through R316, the 100mA 
shunt, and the normally closed contacts of SW310F and SW310H to 
the positive input terminal. The positive meter terminal is connected 
directly to the 100mA shunt by SW310G. 


The circuit for the negative DC current function is the same, except 
that the positive terminal of M1 is connected to FE27 circuit ground 
through R113, and the negative terminal is connected to the POS 
input jack. 
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CONTROLS 


FUNCTION SWITCH: The eight gray pushbuttons in the top row are 
used to select the function for the type measurement being made. 
The first function button (OFF) removes power from the FE27. 
When any other function button is pressed the power is applied to the 
FE27 circuitry. The eight function pushbuttons are provided with a 
mechanical lockout so that only one function button: may be 
depressed at one time. 


RANGE SWITCH: The bottom row of eight ted pushbuttons control 
the range switching for the FE27, and are provided with a mechanical 
lockout so that only one range button may be depressed at one time. 
Note that all eight function buttons apply to the AC and DC volts 
functions, while only the first five apply to the OHMS function, and 
only the last three apply to the DC current function. A safety factor 
has been built into the range switching so that if all the range buttons 
are out, the 1KV range is selected. 


ZERO ADJUST: This thumb wheel control is used to position the 
meter pointer to zero on the extreme left edge of the meter scale. It 
should be adjusted with either the AC or DC volts function button 
depressed and the leads shorted together. 


OHMS ADJUST: This thumbwheel control is used to compensate for 
lead resistance and changing battery voltage, and is adjusted in the 
ohms function with the leads shorted together. Adjust this control to 
position the meter pointer to the OHMS zero on the extreme right 
edge of the meter scale. 


AUTOMATIC SHUT OFF: This specially designed leaf switch pro- 
vides automatic turn off for the 9 volt meter amplifier batteries, the 
1.5 volt ““C”’ cell OHMS supply battery, and the 1.5 volt “‘C”’ cell scale 
illumination battery. Shut off occurs when the lead compartment 
door is closed. 


BATTERY TEST: This spring return slide switch is used to test the 
condition of the 9 volt meter amplifier batteries. To test, select either 
the AC or DC volts function, and slide the BATT TEST switch to the 
right. Read the BATTERY GOOD scale on the meter. 


SCALE ILLUMINATION: This slide switch must be ON, and a 
function other than OFF selected to apply power to the meter light. 


. The scale illumination features should only be used when necessary, as 


the size of the battery for scale illumination limits its life to approx- 
imately 10 hours. 
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TR101A. (NOTE: a 10 Meg ohm scope input connected to the gate 
of TR101A will load this voltage down to approximately .2 volts p-p). 
TR101A and TR102 amplify the signal at the gate of TR101A, 
resulting in approximately .6 volts p-p at the collector of TR102. 
The signal at the collector of TR102 is coupled by C106 and R110 
to the inverting input, pin 6, of IC101A. 


IC101A amplifies its input signal, resulting in 1.3 volts p-p at its 
output pin 5. The output of IC101A is coupled by C107 and R123, 
the ACV p-p CAL control to the noninverting input, pin 2, of IC101B. 
R123 isa calibration adjustment adjusted for a correct full scale read- 
ing. IC101B amplifies its input signal, resulting in 4 volts p-p at its 
output pin 4. The signal from the output of IC101B is coupled by 
C111 to the peak-to-peak detector diodes CR111 and CR112. C112 
filters the output of the peak detector, resulting in -3.8 volts DC on 
the negative lead of C112. The voltage divider action of R129 and 
R130 couples -.22 volts DC to the gate of TR101B through R108. 
TR101B and TR108 amplify the -.22 volts, resulting in a -.44 volt 
change at the collector of TR103. This negative change is coupled to 
the negative side of the meter, and since the positive side of the meter 
is tied to a constant DC reference at the collector of TR102, the 
meter reads up scale, indicating the peak-to-peak value of the input 
voltage. 


OHMS 


The FE27 operates as a series ohmmeter, with the 1.5 volt supply 
battery, the internal standard resistor, and the unknown resistor con- 
nected in series. The gate of TR101B is used to measure the voltage 
across the internal standard resistor. 


For the RX1M range, with the leads shorted, the entire ohms battery 
voltage appears across R309 and R310. R310 and R309 form a volt- 
age divider that applies approximately -.3 volts to the gate of TR101B. 
TR101B and TR103 amplify this voltage, resulting in approximately 
a -.66 volt change at the collector of TR108. The -.66 volt change is 
coupled to the negative terminal of the meter, and since the positive 
meter terminal is tied to a constant DC reference at the collector of 
TR102, the meter indicates up scale. R1, the front panel ohms zero 
control, is adjusted for a full scale reading. If a 10 meg resistor 
is connected between the input leads, half the battery voltage will 
develop across the internal standard resistor, and the other half across 
the external 10 meg resistor. The voltage coupled to the gate of 
TR101B is then half of what it was with the leads shorted, and M1 
indicated half scale, or a resistance of 10 meg ohms. 
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4. Install the 9 volt batteries with the connector up towards the 
underside of the meter movement. 


GENERAL 


Slide the meter cover down to expose the meter face. Pull down on 
the lip of the lead compartment door (away from the switch assembly) 
to unlatch the door, and slide the door into the case to gain access to 
the input leads and connections. Push one of the voltage or resistance 
functions to apply power to the FE27 circuitry, and test the condi- 
tion of the 9 volt batteries with the BATT TEST switch. If the 
battery condition indicated is below the BATT CHECK GOOD area 
on the meter, replace the 9 volt batteries. Adjust the ZERO ADJUST 
control to position the meter pointer to zero on the left edge of the 
meter. This adjustment should not vary more than one small scale 
division on any function or range of the FE27. If it does, it is 
advisable to check the mechanical zero adjustment of the meter. 


METER ZERO 
(Adjust for zero meter indication with unit off) 


GENERAL INSTRUCTIONS 


BATTERY and FUSE INSTALLATION: Remove two 


screws at top of unit back securing battery compartment 
cover. Lift off battery compartment cover. (Batteries 
have been selected to give best performance and maintain 
minimum size and weight. Automatic shutoff is provided 
to prolong battery life, however, it is suggested that a 
spare set be kept on hand.) 


BATTERIES: (not supplied) 2-Eveready 222 or equiv. 


2-Eveready 1035 or equiv. 
FUSE: (supplied) 3AG 1 1/2A Fast Blow 
BATTERY CHECK: Depress +DCV pushbutton and 
slide BATT. TEST switch (located in lead compartment) 
to the right. Observe battery condition on BATTERY 
check scale of meter. 
SCALE ILLUMINATION: Depress any function push- 
button and slide SCALE ILLUM. switch to ON position. 
NOTE: It is recommended that the meter light be used 
only when necessary to conserve battery life. 


Fig.3 Mechanical Zero Adjust 
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Fig. 16 AC voltage, RMS or P-P 


amplifies its input signal, resulting in 4 volts p-p at output pin 5. The 
signal at the output of IC101A is coupled to the inverting input, pin 
8, of IC101B, by R120, and to the noninverting input pin 12, of 
IC101C by R118. 
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and 300V ranges, read the 0-3.0 scale and multiply the reading by the 
appropriate multiplier. Each small scale division on the 0 to 3.0 scale 
is equal to .1. Example: If the meter indication were one small scale 
division above the 2.5 mark, the scale reading would be 2.6. If the 
3800V range were being used, the measured voltage would be 2.6 
times 100, or 260V DC. 


For the 1V range, read the 0 to 1.0 scale directly. For the 10V, 100V, 
and 1000 V ranges read the 0 to 1.0 scale, and multiply by the 
appropriate multiplier. Each small scale division on the 0 to 1.0 scale 
is equal to .02. Example: If the meter pointer indicated one small 
scale division above the .4 mark, the scale reading would be .42. If 
the 1KV range were being used, the measured voltage would be .42 
times 1000, or 420 volts DC. 


MEASURING DC VOLTAGE 
1000-3000 VOLTS 


FIELD EFFECT MULTIMETER : 


y ACY OHMS ~pet +000 Ss 


xia AXT Wma Weer 


<=> 
ov 30V 100V 300V | Eee! 
— 


POS. . 


Fig.5 Measuring DC volts 1000-3000V 
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Fig.15 DC voltage 


If .3 volts is applied to the inputs, and the .3V range selected, the 
voltage coupled to the gate of TR101A is .25 volts. The .25V at the 
gate, results in a positive .25 volt change at the source of TR101A. 
The drain voltage of TR101A changes slightly in the negative direc- 


22 


a range pushbutton that will allow a reading as close to full scale as 
possible. 


Note that the ranges for zero center are exactly one half of those listed 
on the front panel. For example, the 300V range provides a zero 
center range of -150V -0+150V. Plug the banana plug end of the red 
test lead into the POS input jack, and touch the probe tip to the volt- 
age point. If the meter indicates to the right of the center zero, the 
measured voltage is positive, and if the meter indicates to the left of 
the center zero the measured voltage is negative. Read the DC voltage 
on the black ZERO CTR scales directly below the mirror. 


For the .38V, 3V, 30V, and 300V ranges, read the -1.5 - 0 - 1.5 scale, 
and multiply by the appropriate multiplier. Each small scale division 
on the -1.5 - 0 - 1.5 scale is equal to .1. Example: If the meter indica- 
tion were one small scale division above the .5 mark to the right of the 
center zero, the scale reading would be +.6 times 10, or +6 volts DC. 


For the 1V, 10V, 100V, and 1KV ranges, read the -.5 - 0 - .5 scale, and 
multiply by the appropriate multiplier. Each small scale division on 
the -.5 - 0 -.5 scale is equal to .02. Example: If the meter indication 
were 3 small scale divisions below the -.2 mark to the left of the zero 
center, the scale reading would be -.26. If the 100V button were de- 
pressed, the measured voltage should be -.26 times 100, or -26 volts 
DC. 


MEASURING AC VOLTAGE 


Depress the RMS ACV pushbutton if a measurement of the RMS value 
is desired, or the P-P ACV pushbutton if a measurement of the peak 
to peak value is desired. Select a range that will produce a reading as 
close to full scale as possible. If the voltage being measured is un- 
known, start with the 1KV range, and work toward the .8V range. 
Plug the banana plug end of the black test lead into the COMMON 
input jack, and connect the alligator clip end to the common or 
ground point in the equipment being measured. Plug the banana plug 
end of the red test lead into the POS input jack, touch the probe tip 
to the voltage point, and read the voltage on the red ACV scales dir- 
ectly above the BATT CHECK GOOD scale. 


For the 1V, 10V, 100V, and 1KV ranges, use the 0 to 1.0 scale, and 
multiply the scale reading by the appropriate multiplier. Each small 
division on the 0 to 1.0 scale is equal to .02. Example: If the meter in- 
dication were 2 small scale divisions above the .6 mark, the scale indi- 
cation would be .64. If the 10V range were being used, and the RMS 
ACV pushbutton depressed, the measured voltage would be .64 times 
10V, or 6.4 volts AC RMS. 
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parts are firmly seated together. Insert the red FE27 test probe into 
the small hole in the high-voltage probe handle. Be sure that the tip 
of the test probe and the tip jack inside the handle of the 39A30 are 
properly aligned, and push the test probe firmly into the handle of 
the 39A30 to insure a good connection. Remove power to the equip- 
ment being measured, and connect the black lead to an appropriate 
ground point in the equipment being measured. Use the hook on the 
end of the 39A30 to connect the probe to the high-voltage test point, 
and apply power to the equipment being measured. Read the 0 to 3.0 
scale and multiply the scale reading by 10,000. Each small scale 
division on the 0 to 3.0 scale is equal to 1,000 volts. Example: If 
the scale reading were two and one half divisions above the 2.0 mark 
on the meter, the measured voltage would be 22.5KV. 
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Fig.14 Measuring high voltage with the 
39A30 probe (optional) 
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wave with a slow rise and fall time will measure a higher P-P value 
than 2 times the RMS value. NOTE: The examples in figures 7 and 8 
are the theroetic values for perfect sine waves. 
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Fig. 8 Measuring the RMS value of a sine wave 


MEASURING RESISTANCE 


NOTE: Be sure to remove power from the circuit being tested. If 
voltage is applied to the inputs in either RX1 or RX10 ranges, the 
fuse F1 will open, making the FE27 inoperative until the fuse is 
replaced. 


Be sure to discharge all filter capacitors when making in-circuit resis- 


tance measurements. In circuits containing transistors, lift one end of 
the resistor out of circuit before making resistance measurements. 
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terminals of a double % inch banana plug. The voltage developed 
across the shunt by the current is measured on the .3V range. 


Determine the polarity of the current to be measured with respect to 
the common or ground point in the equipment being measured. If 
the voltage producing the current is positive with respect to common, 
select the +DCV function or if the voltage producing the current is 
negative with respect to common, select the -DCV function. Select 
the .8V range for measurements to 3 amps. 


Insert the banana plugs of the 39G82 shunt into the COMMON and 
POS input jacks. Then insert the black test lead into the shunt jack 
connected to the COMMON input and the red lead into the shunt 
jack connected to the POS input. 


Turn the power off to the equipment being measured, and open the 
circuit being measured at the common or ground point. Connect the 
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Fig.12 Measuring DC current to 3 amps 
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CHECKING DIODES 


The front to back ratio of transistors and diodes may also be tested 
with the FE27 using the RX1K ohms range. With the black (negative) 
lead connected to the cathode of the diode, the resistance reading 
should be low. The resistance reading should be high with the red 
(positive) lead connected to the cathode of the diode. The ratio be- 
tween the high and low readings should be at least 100:1 for a small 
germanium diode, and 1,000:1 for a silicon diode. 


Matt Cute, 
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Fig. 10A Checking diodes, forward direction 
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